Five cases of arnebiasis were diagnosed in goldfish (Carassius auratus) from home aquariums and from a laboratory aquarium. Granulomas containing amoebae were in many organs but were most numerous in kidneys. Because there were pseudopods, food vacuoles, vesicular nucleoli and other ultrastructural characteristics of the organisms, we identified the organisms as amoebae. On the basis of mitotic stages it is possible they belong in the family Hartmannellidae.
Amebiasis has not been reported in the goldfish and there have been only scattered reports in other fish. One researcher [I31 described spontaneous amebic infections that induced chronic granulomatous reactions of the kidney and other visceral organs in brook and rainbow trout. Unfortunately, morphologic features of amoebae were not clearly characterized. Other infections reported in fish have involved amoebae, apparently of the family Endamoebidae, in which there was no tissue invasion [ 101.
Case History
About 200 2-year-old goldfish were kept for experimental purposes in a 1.2 x 2.4
x 0.9 meter fiberglass tank with dechlorinated tap water flowing through the tank at a rate of about 5.7 liters per minute. Continuous filtration of the tank water was by a filter pad and carbon. The fish were fed a diet primarily of Purina Trout Chow Developer@ (Ralston Purina Co., St. Louis, Mo.). One fish had abdominal distention, lethargy and loss of appetite and was removed promptly from the tank. About 1 month later two other goldfish presented similar clinical signs. They and a clinically normal-appearing fish from the tank were necropsied. About 1 year later a similar outbreak occurred in the same tank, and several of the fish were necropsied.
Two goldfish from separate home aquariums also were necropsied. One had been clinically normal and the other was found dead after a period of abdominal distention.
Materials and Methods
Necropsy specimens were fixed in 1 0 percent phosphate-buffered formalin, embedded in paraffin, and sectioned at 6 micrometers. Sections were stained with hematoxylin and eosin (HE), periodic acid-Schiff (PAS), Giemsa, MacCallum-Goodpasture and Weil's myelin stains. I n early cases electron microscopy was not anticipated and only formalin-fixed tissues were available. This tissue, however, was processed for electron microscopy by washing overnight in running tap water before glutaraldehyde fixation. Tissues were then finely subdivided into 1-millimeter cubes and fixed in equal parts of 5.0 percent glutaraldehyde and 500 X lo-:' moles per kilogram of S-collidine stock buffer. After glutaraldehyde fixation, tissues were washed for 30 minutes in a solution of 0.1 moles per liter Scollidine and fixed for 1 hour in 0.5 percent osmic acid. They were then rinsed in three 10-minute changes of a solution of 0.1 moles per liter sodium acetate, treated for 2 hours with 2 percent aqueous uranyl acetate, dehydrated in graded ethyl alcohol to xylene, and embedded in epon according to Luft [7] . Toluidine blue-stained sections 1 micrometer thick were examined by light microscopy to select the area of the block to be sectioned. Thin sections were cut with diamond knives at about 700 x lo-"' meters, placed on one-hole grids, and stained with lead citrate 1141. They were examined with an electron microscope at 80 kilovolts.
Results
In all fish necropsied, including clinically normal fish, numerous small white nodules, 1-4 millimeters in diameter, were scattered throughout the renal parenchyma. Similar nodules were on the serosal surfaces of the coelomic cavity, liver, skeletal muscle, meninges, and swim bladder.
Microscopy
Various sized granulomas ( fig. 1 ) had dense central necrotic caseated areas surrounded by zones of flat epithelioid histiocytes. Most had a rim of fibrocytes on the periphery. Concentric laminations were in both central caseous and peripheral cellular areas of the granulomas so that they presented an onion-skin appearance when viewed at low magnification. Numerous small spherical organisms were seen between the two zones ( fig. 2-3 ). They were present both intercellularly and also within the cytoplasm of histiocytes. We frequently saw a small spherical basophilic body in the center of the organism in HE-stained sections. Later, on ultrastructural examination, these proved to be the nucleus. Little other detail could be seen. With PAS the cytoplasm of the organisms stained more intensely, and one or two vacuoles could be distinguished. The diameter of the organisms was from 2 to 4 micrometers. Stains for bacterial or fungal organisms were negative.
The granulomas in the brain ( fig. 4 ) were similar to those in other organs but usually contained far fewer organisms. Numbers of microglia and heterophils were increased in parts of the brain parenchyma adjacent to the granulomas. Perivascular cuffing by lymphocytes around small blood vessels also was evident in the brain parenchyma near the granulomas. With H E and Weil's myelin stains, the white matter of the cerebellum showed diffuse rarefaction, demyelinization, and an increase in microglia and astrocytes in affected areas. Neuronophagia and perivascular accumulations of heterophils also were seen. interposed between histiocytic macrophages and denscly staining necrotic debris. PAS.
Ultrastructure
Ultrastructurally, the renal granulomas had flat, concentrically layered macrophages surrounding central areas of tissue debris. The central areas contained densely staining fibrillary and globular material ( fig. 5 ). Macrophages in various stages of degeneration with many phagocytized amoebae were between the two zones. The amoebae usually were round to ovoid but varied more in shape than when seen with the light microscope. The range of diameters of 20 amebas was from 2.4 to 4.6 micrometers, the average being 3.5 micrometers. A space, about 0.2.5 micrometers wide, that separated the organisms from surrounding tissue was thought to be a n artifact caused by shrinkage.
A prominent characteristic of many of the amoebae was a single broad, lobose pseudopod ( fig. 6 ) or several smaller pseudopods. The cytoplasm of t h e pseudopods was different from the more proximal cytoplasm. I t was more finely granular and had no endoplasmic reticulum. Endoplasmic reticulum in other parts of the cytoplasm was agranular and was composed of tubules and flat saccules. Mitochondria and Golgi apparatus were not seen. Vacuoles containing phagocytized material and spirally wound myelin forms often were seen. A large percentage of amoebae were surrounded by membrane-bounded whorls of macrophage cytoplasm ( fig. 7 ). Such enclosed amoebae were usually of smaller diameter and contained dilated cysternae of endoplasmic reticulum and autophagocytic vacuoles in which there was degenerated, but recognizable, cytoplasm.
The nucleus was 1 .O-1.3 micrometers in diameter and had a prominent endosome or nucleolus 0.4-0.6 micrometers in diameter. The nucleolus was sometimes of the vesicular type. The nuclear membrane had two opposing trilaminar unit membranes separated by a space that in some sections communicated with the cytoplasmic-endoplasmic reticulum. Two masses resembling centriolar satellites ( fig. 8 ) were in indentations at opposing poles of the nucleolus. Delicate fibers extended from the nucleolus through the nucleoplasm and nucleolar satellites to the nuclear membrane.
Most amoebae were in the trophozoite stage, the cytoplasm enclosed by a single trilaminar unit membrane. Occasionally organisms were interpreted as undergoing early stages of cyst formation because membrane duplication occurred along segmental regions of the cytoplasmic membrane and formed thick plates on the exterior surface of the amoebae ( fig. 9 ). We did not see any completely encysted amoebae.
We saw three amoebae that had nuclei possibly in the metaphase stage of mitosis ( fig. 9 ). Chromatin was arranged o n an equatorial plane at right angles to fine tubules penetrating the nucleoplasm. All nuclear membranes were indistinct, and scattered bundles of microtubules were in the cytoplasm,
Discussion
A number of different diseases should be considered. The gross and microscopic appearance of miliary granulomas caused by Mycobacterium fortuitum and M . piscium are similar to those seen in this disease and might be confused if acid-fast stains are not done for the demonstration of bacilli. A large number of protozoa infect goldfish and may cause cysts or granulomas similar in gross appearance to those reported here. Frequently, infections of this type are caused by Myxosporidia [6]. Polar capsules or filaments characteristic of myxosporidian sporozoites were not seen in the organism. Pseudopods, food vacuoles, vesicular nucleoli and possible cyst-wall formation suggest that the organisms in our study are amebic and not myxosporidian. Furthermore, they were not ultrastructurally similar to some microsporidian plasmodia or trophozoites [9, 181 or to haplosporidian trophozoites In recent years two approaches for classifying free-living and pathogenic amoebae have been proposed. One researcher has suggested that amoebae of the family (121. Hartmannellidae divide by true mitosis, as opposed to amoebae of the family Schizopyrenidae (Vahlkampfidae), which divide by promitosis [ 171. More recently another researcher [ l l ] has proposed a classification based on a combination of the mitotic division patterns and cytoplasmic characteristics such as cyst wall and flagellar and pseudopod morphology. Another work [19] is an excellent review on the classification of amoebae with respect to ultrastructure.
In our study we attempted to classify organisms on the basis of ultrastructural characteristics. Several thousand organisms from numerous granulomas in several fish were examined ultrastructurally in order to see amoebae in mitosis. Metaphase-like plates, spindle fibers, and bundles of microtubules indicated there was true mitosis. We did not see division of the nucleolus into polar masses, a characteristic of "promitotic" division. The causative organisms in this study possibly are hartmannellids. Thick, laminated plates on the surface of some of the amoebae ( fig. 9 ) are similar to membrane duplication in cyst-wall formation of Acantharnoeba casteflani [ I ] . Other cytoplasmic features were nonspecific. In the literature we have been unable to find a description of amoebae of this size or references to indenting of the nucleolus by nucleolar satellites. Similar nucleolar satellites or perinucleolar karyosomes have been seen in Sertoli cells of mouse testis and they have a Feulgen-positive staining reaction [5] . Definite identification of this amoeba probably will depend on successful culture. Attempts at culturing the organism directly from granulomas on monaxenic nonnutrient agar were unsuccessful.
Water has long been recognized as an epidemiologic source, and it is thought that pathogenic amoebae, especially Naegleria, exist in lakes and swimming pools. Reviews of the literature indicate a history of swimming and primary amebic meningoencephalitis in man are associated [2, 41. I t is possible that aquatic animals are carriers or hosts in which the amoebae proliferate. Snails [Is, 161 may carry or may become infected with hartmannellid amoebae. Documentation of amebic infection in aquatic animals, even in goldfish, possibly is significant in terms of human exposure, especially if a source of infection could be as close as a home aquarium.
Experimentally pathogenic amoebae can enter mammalian hosts through the nasal mucosa [3, 81, and therefore may be able to penetrate the epithelium of gills in goldfish. Lesions in many tissues, especially numerous in kidney, indicate that the organisms then may be spread through the blood. The histologic features of the lesions indicated they were longstanding but progressive since granulomas in more acute phases of formation also were found. It is possible the infection exists for the life of the goldfish and causes death only if there is sudden stress. Amoebae could encyst after the fish dies or after uriniferous excretion in heavy renal infection and thus be reintroduced into the aquarium water.
Because amebiasis was found in goldfish from widely separated sources, we suggest the disease is common. If this be so, one would expect problems in using goldfish experimentally.
